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ABSTRACT 


The  wind  tunnel  invcn tigationa  reported  herein  arc  part  of  an  over-all 
program  that  Han  the  ultimate  goal  of  ach'eving  a  parachute  configuration 
capable  of  providing  rtnitafactory  performance  at  Hupcrtionic  Hpeedtt.  Thio 
program  hati  been  concerned  with  tlte  determination  of  the  problems  in¬ 
volved  and  the  approachcH  that  should  be  taken  in  'uture  test  programs  such 
as  arc  being  conducted  unde r  Contract  No.  AF  3 3(f»16)- 5507  with  the  Air 
Force.  The  Lewi.s  phase  of  the  program  indicated  the  following  major  rc- 
su.ts;  violent  canopy  brcaihmg  or  pulsing  tendencies  and  associated  reduced 
inflation  and  drag  characteristics:  shock  pattern  fluctuations  which  were 
complicated  by  interaction  effects  due  to  material  flexibility;  and  the  failure 
of  ribbons  due  to  violent  oscillation  of  the  ribbon  fabric.  In  order  to  estab¬ 
lish  the  cause  of  pulsation  as  evidenced  in  the  ’  cwi.s  program,  a  scaled 
rigid  model  was  utilized  in  the  Langley  phase  so  as  to  eliminate  the  inter¬ 
action  effects  of  flexibility.  Although  flexibility  effect.^  were  eliminated  by 
the  use  of  a  rigid  model  at  Langley,  the  fluctuations  and  discontinuities  of 
the  shock  patterns  were  still  in  evidence.  This  condition  was  attributed  not 
only  to  choking  of  the  flow  through  tJie  canopy  but  was  also  affected  by  the 
interaction  of  the  shock  front  due  to  choking  and  disturbances  from  the  con¬ 
fluence  point  of  the  lines.  It  is  indicated  from  the  above  that  future  test 
programs  should  consider  canopies  having  much  increased  porosity,  parti¬ 
cularly  in  the  crown  of  the  canony.  The  results  of  this  program  also  indi¬ 
cate  that  there  is  a  fundamental  shape  problem  which  should  be  considered 
in  future  investig.ations . 
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SECTION  I 


INTRODUCTION 


Since  Hucctssful  recovery  of  guided  niiMHiles  or  portioius  of  iiUHSiles 
18  often  necessary  and  economically  advisable,  it  is  desirable  to  investigate 
the  possibility  of  recovering  such  items  by  the  use  of  parachutes.  1  he  use 
of  parachutes  in  the  supersonic  regime  has  become  more  complicated,  how¬ 
ever,  because  the  state  of  the  art  on  parachute  design  as  derived  from  sub¬ 
sonic  tests  fails  to  produce  satisfactory  configurations  for  supersonic  pur¬ 
poses.  Thus,  the  purpose  of  the  present  program  has  beei  to  investigate 
the  possibility  of  obtaining  a  parachute  configuration  which  would  be  suitable 
for  supersonic  operation.  The  use  of  a  wind  tunnel  for  the  establishment  of 
the  basic  parameter  relationships  is  a  logical  first  approach. 

Supersonic  wind  tunnels  capable  of  simulating  performance  require¬ 
ments  have  been  utilized  for  these  investigative  purposes.  Test  programs 
in  the  Unitary  Plan  Wind  Tunnels  at  the  Lewis  and  Langley  Research  Cen¬ 
ters  of  the  NASA  were  conducted  using  fabric  parachutes  at  Lewis  and  rigid, 
stainless  steel  models  at  Langley. 


Manuscript  released  by  the  author  December  1958  for  publication  as  a 
WADC  Technical  Report 
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SECTION  II 


WIND  TUNNEL  PROGRAM 


A.  Purpose 

The  over-all  purpxjse  of  wind  tunnel  programs  in  the  Unitary  Tunnels 
at  the  Lewis  and  Langley  Research  Centers  was  to  achieve  the  most  satis¬ 
factory  parachute  configuration  for  operation  at  supersonic  speeds.  Such  a 
configuration  would  be  the  one  for  which  flow  fluctuations  are  minimized  r  nd 
the  parachute  is  enabled  to  perform  in  a  fully  inflated  condition,  producing  a 
steady  value  of  drag  force  with  satisfactory  stability.  It  was  realized  at  this 
time  that  the  achievement  of  a  satisfactory  configuration  could  not  be  accom¬ 
plished  within  the  contractual  time  liniitation.  ConsequenOy,  arrangements 
were  made  with  cognizant  personnel  at  WADC,  so  that  the  test  program  could 
be  continued  under  Contract  No.  AF  33(61 6)-  5507,  which  has  similar  require¬ 
ments  relative  to  high-speed  parachute  performance.  As  a  result,  this  re¬ 
port  will  discuss  the  Lewis  program  and  only  that  portion  of  the  wind  tunnel 
program  at  Langley  which  is  considered  to  be  relative  to  the  subject  contract. 

B .  Test  Facilities 

1.  The  Lewis  Research  Center  Unitary  Plan  Wind  Tunnel 

This  tunnel,  herein  referred  to  as  the  Lewis  wind  tunnel,  was 
utilized  for  the  test  program  of  the  nearly  full-scale  fabric  parachutes. 
The  tunnel  is  a  .facility  of  the  NASA  Lewis  Research  Center  at  Cleve¬ 
land,  Ohio.  The  test  section  is  10  ft  x  10  ft  in  cross  section  and  is 
capable  of  a  Mach  number  range  of  from  Z.  0  to  3.  5.  It  can  be  oper¬ 
ated  throughout  the  entire  Mach  number  range  on  either  an  aerody¬ 
namic  cycle  at  various  air  densities  or  on  a  propulsion  cycle.  On  the 
aerodynamic  cycle,  the  tunnel  operates  as  a  closed  return  type  tunnel, 
and  on  the  propulsion  cycle  it  operates  as  an  open  nonreturn  type 
tunnel . 

2.  The  Langley  Research  Center  Unitary  Plan  Wind  Tunnel 

The  Langley  Research  Center  Unitary  Plan  Wind  Tunnel,  which 
is  referred  to  hereafter  in  this  report  as  the  Langley  wind  tunnel  or 
facility,  was  utilized  as  the  test  medium  for  the  rigid  parachute  model. 
The  tunnel  is  a  facility  of  the  NASA,  Langley  Rc-search  Centci'  at 
Langley  Field,  Virginia.  It  has  two  test  sections,  each  of  which  is 
4  ft  X  4  ft  in  cross  section  and  approximately  7  feet  in  length.  The  low 
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raiinr  li’fit  .iccUoii  (No.  I)  has  a  di-sign  Mach  nuiiibiT  rar>^<*  t>f  from 
1.5  !()  2.9  with  variaiiori  »ii  s  taj^;na  tn)r>  pr«-.ssurr  possihlf  up  to  a  maxi- 
fiujfTi  of  approximately  hO  psia.  'I'hc  hij^h  ran^«-  test  .section  (No.  2) 
has  a  clcHign  Mach  number  range  of  from  2.3  it)  5.  0.  It.s  maximum 
st.ignation  pressure  is  approximately  150  psia.  Eat  h  test  st-ciion  will 
permit  variation  of  Mach  number  at  any  tlesiretl  iiu  remeiil  throughout 
Its  range  with  the  tunnel  operating.  Both  stagnation  pri*ssure  and 
stagnation  temperature  may  be  controlled  i  title  pende  ntl  y  . 

C  .  Test  Models  and  Equipment 

1.  Fabric  Parachute  Models  (Lewis  Test  Program) 

Two  series  of  fabric  parachutes  were  tested  in  the  wind  tunnel 
at  the  Lewis  Research  Center.  Tht*  first  group  of  nine  parachutes  was 
utilized  for  preliminary  or  exploratory  investigative  purposes  in  an 
effort  to  establish  criteria  upon  which  designs  of  final  test  parachutes 
could  be  based.  Pertinent  characteristics  of  these  parachutes,  and 
those  used  in  the  final  test  program  at  Lewis,  are  tabulated  in  Table  1. 
Design  details  are  given  in  Appendix  I. 

During  the  preliminary  testing  phase,  parachutes  were  attached 
to  and  deployed  behind  a  19  inch  diameter  jet  eng  e  inlet  upon  which 
scheduled  tests  were  being  conducted.  All  tests  were  conducted  at  a 
Mach  number  of  3.  5  and  at  a  density  condition  equivalent  to  an  altitude 
of  70,000  feet.  Parachute  action  during  test  was  recorded  photograph¬ 
ically  by  mea.ns  of  Mitchell  cameras  running  at  film  speeds  of  128 
frames  per  second. 

Parachutes  used  in  the  final  test  program  at  Lewis  are  shown 
in  Table  1.  These  parachutes  incorporated  some  of  the  changes  and/ 
or  improvements  which  were  indicated  by  the  preliminary  test  pro¬ 
gram.  Installation  and  deployment  of  the  test  parachutes  in  the  test 
section  were  accomplished  by  either  of  two  methods.  Most  test 
parachutes  were  installed  according  to  Installation  A  of  Figure  1; 
however,  for  two  cases,  parachutes  were  deployed  behind  a  simulated 
missile  body  as  represented  by  Installation  B  in  Figure  1. 

Most  of  the  test  parachutes  of  this  fjnaJ  series  were  tested  at  a 
Mach  number  of  3.  5.  Tests  of  one  particular  parachute  were  also 
conducted  at  Mach  numbers  of  2.  5  and  2.  0  so  that  the  effects  of  Mach 
number  could  b'’  investigated.  All  tests  were  conducted  at  a  constant 
dynamic  pressure  of  315  psf.  Tests  utilizing  tlic  test  setup  shown  a? 
Installation  B  in  Figure  1  were  conducted  with  the  test  parachute 
located  6  and  10  missile  diameters  respectively  behind  the  simulated 
missile  body. 
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TABLE  1 


PARACHUTE  CHARACTERISTICS  AND  WIND  TUNNEL  TEST  CONDITIONS 
FOR  TEST  PROGRAM  IN  UNITARY  PLAN  WIND  TUNNEL  AT  THE 
LEWIS  RESEARCH  CENTER.  CLEVELAND.  OHIO 


Parachute  Charade  rialtca 

Tael  Condltlona 

Nil 

T  ypr 

DiAoialer 

(ft) 

(Conatructed 

Geometric 
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No. 
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R«m«rk« 

Mudfli  U(ed  for  Preliminary  Ted  Pro|ram 

KLST  Ribbon 

<.25 
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23.0 
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FIST  Ribbon 

3.66 
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miaaile  body 
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FIST  Ribbon 

i.U 
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24 

3.5 

1.08 

SI  1 

F  IS  r  Ribbon 
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-4 
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Extcntuvt:  camera 
coverage  was  provided. 

Oblique  aide  view.s  of  all 
tent  parachutes  were 
achieved  by  the  use  of  a 
Mitchell  camera  runtiiiig 
at  a  speed  of  128  frames 
per  second.  Sc  hlieren 
film  showing  the  shock 
wave  patterns  of  some  of 
the  parachutes  was  ob¬ 
tained  by  employment  of 
a  1000  frame  per  second 
Fastax  camera.  A  third 
camera,  which  was  in¬ 
stalled  v'ithin  a  simulated 
missile  body,  viewed  back  Figure  1.  Te.st  Installations  -  Lewis 

into  the  parachute  canopy  Unitary  Plan  Wind  Tunnel 

to  film  the  parachute  mo¬ 
tions  during  two  high-speed  test.s.  This  was  a  Fairchild  (amera 
operated  at  a  film  speed  of  -100  to  500  frames  per  seiond. 

2.  Rigid  Parachute  Models  (Langley  Test  Program) 

The  continuation  of  the  test  program  at  Langley  was  the  result 
of  a  need  to  consider  the  effects  of  flexibility  and  flow  field.-,  on  the 
canopy  more  fully.  Accordingly,  a  small-scale,  stainless  steel 
canopy  was  designed  and  constructed  for  use  in  the  -1  ft  x  •!  ft  Unitary 
Plan  Wind  Tunnel  at  Langley. 

The  parachute  configuration  selected  for  testing  in  the  wind 
tunnel  at  Langley  was  that  configuration  which  exhibited  the  best  per¬ 
formance  during  the  test  program  at  Lewis.  This  was  a  24  gore,  20 
percent  porosity  FIST  ribbon  parachute.  The  wind  tunncT  model  was 
approximately  a  1/4  scale  rigid  version  of  the  fabric  parachute.  It 
was  constructed  of  stainless  steel  to  specifications  that  simulated  as 
closely  as  possible  the  configuration  of  the  full-scale  fabric  para¬ 
chute.  Geometric  porosity  was  attained  by  appropriate  perforation 
of  the  canopy.  Twenty-four  1/8  inch  steel  rods,  which  were  utili/.ed 
to  simulate  suspension  lines,  were  detachable  from  the  canopy  skirl 
so  that  changes  in  suspension  line  length  could  be  easily  made. 

Information  pertinent  to  the  details  of  the  model  design  and 
stress  analysis  is  presented  in  Appendices  II  and  III,  respectively, 
'hypical  gore  layouts  wnicli  sliow  the  location  and  geometry  of  the 
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I 

slot  cutoutH  arc  given  in  Figure  12.  Figureu  13  and  15  .show  the  test 
configurations  and  illustrate  the  suspension  line  length  variations 
which  were  employed. 

The  model  was  mounted  in  the  tunnel  test  section  by  means  of  a 
sting  attached  to  the  crown  of  the  canopy  as  can  be  seen  in  the  shock 
photographs  presented  in  Figures  7,  8,  or  9.  Since  flow  visualization 
by  means  of  Schlieren  high-speed  movies  w'as  the  ultimate  purpose, 
no  balance  for  obtaining  force  and  moment  data  was  used  during  these 
tests.  It  was  felt  that  efforts  to  stabilize  the  flow  and  minimize  the 
flow  flucluations  should  be  pursued  to  tlie  utmost  before  any  force 
measurements  were  attempted. 
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SECTION  111 


DISCUSSION  OF  TEST  RESULTS 

A.  Fabric  Parachute  Modclw  (Lcwih  Test  P  r  r  aiu) 


1.  Preliminary  Test  Program 

The  purpose  of  the  preliminary  testing  phas»*  \^as  U)  utti-mpt  to 
establish  criteria  upon  which  the  designs  of  the  linal  test  [larachutes 
could  be  based.  In  addition,  this  phase  of  the  progra.n  furnished  wind 
tunnel  personnel  with  some  idea  of  the  performance  characteristic 
w'hich  could  be  expected  from  wind  tuniu-l  tests  ol  parachutes. 

The  results  of  preliminary  testing  are  briefly  summari/eci  m  tin- 
following  paragraphs. 

Film  records  for  FIS  I  ribbon  type  parac  hutes  dbd,  and  I  M 

(see  Table  1  for  parachute  geometry  and  Apiienchx  1  for  design  tlet.iil-^) 
indicated  that  porosity  variations  producc'd  little  noticeable  improve¬ 
ment  in  parachute  performance.  All  three  .->pe(  imc'tis  c*  xpe  r  i  enc  e  d 
failure  due  to  oscillation  of  horizontal  ribbons  near  the  skirt.  In  each 
case,  the  skirt  was  "breathing  '  severely  at  a  rati*  in  the  order  of  Sd 
to  60  cycles.  A  comparison  of  ribbon  parachutes  -169  and  ‘17Z  revi*aled 
nothing  significant  in  the  way  c;f  'scale"  effei  t  in  terms  of  over-.ill 
canopy  cha  rac  fe  r i  s  ti cs  . 

A  Guide  Surface  Ribless  parachute  (No.  dZO)  failcMl  at  the  slots 
after  only  a  few  seconds  of  operation.  Progre.ssive  canopy  failure- 
followed  . 

Tests  of  parachutes  490,  4^Z,  and  493  failed  to  .^how  noticeable 
improvement  in  the  oscillation  and  pulsing  tendericic's  with  change.s  in 
skirt  porosity  and  in  ribbon  spacing.  Strut  turai  improvements  wc*re 
achieved,  however,  because  of  these  changes, 

A  ribbon  parachute  with  variable  porosity  (No.  493)  was  de¬ 
signed  witli  1 /Z  inch  rather  than  1  inch  wide  .suspension  lines  with  the 
expectation  of  obtaining  an  indication  of  the;  over-all  disturbance 
caused  by  shock  waves  from  the  individual  lines  stretched  out  ahead  of 
the  canopy. 
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Parachute  *195  wan  designed  a  1/2  scale  version  of  the  most 
successful  ribbon  parachute  developed  during  a  sled  test  program  at 
Edwards  Air  Force  Base,  California,  It  was  a  16  gore,  half-scale 
version  of  the  Type  124  parachute  (Reference  1).  Geometric  scaling 
was  carried  out  in  all  details.  This  parachute,  with  an  increased 
nufnber  of  gores,  demonstrated  some  reduction  in  the  oscillation  and 
pulsing  tendencies  seen  with  parachutes  490,  492,  and  493. 

Parachute  496  proved  to  be  quite  stable  for  a  period  of  5  seconds 
at  which  time  the  roof  of  the  canopy  failefl. 

2  Final  Test  Program 

a.  Test  Results 

Parachutes  used  in  the  final  phase  at  the  Lewis  facility  in¬ 
corporated  such  changes  and/or  improvements  as  were  indicated 
by  the  preliminary  test  program.  These  parachutes  along  with 
some  of  their  geometric  characteristics  are  tabulated  in  Table  1. 

*  Design  details  are  presented  in  Appendix  I. 

Sufficient  test  parachutes  were  available  so  that  the  effects 
of  variations  in  Mach  number,  number  of  gores,  and  porosity 
could  be  investigated.  Ribbon  parachutes  with  16  and  24  gores 
and  porosities  varying  from  5  to  30  percent  were  utilized.  A 
variable  porosity  canopy  (see  Tabic  1)  incorporating  high  porosity 
at  the  crown  and  zero  porosity  at  the  skill  was  included  as  one  of 
the  test  parachutes.  This  was  because  during  the  preliminary 
test  phase  a  large  number  of  failures  occurred  in  the  horizontal 
ribbons  near  the  skirt.  It  was  suspected  that  this  might  be  the 
result  of  normal  shock  movement  or  buzzing  in  and  out  of  the 
mouth  of  the  canopy.  It  was  anticipated  that  varying  the  porosity 
distribution  over  the  canopy  might  reduce  buzzing  effects. 

Guide  Surface  Ribless  type  parachutes  tested  at  the  Lewis 
facility  differed  mainly  in  amount  of  slot  opening.  In  the  pre¬ 
liminary  phase  at  Lewis,  two  Guide  Surface  Ribless  parachutes 
with  no  slots  and  10  percent  slots,  respectively,  were  tested. 
During  the  final  phase  at  Lewis,  'an  addilional  20  percent  slot 
Guide  Surface  parachute  was  tested.  In  all  cases,  the  parachutes 
failed  at  the  slots  after  only  a  few  seconds  of  operation  indicating 
that  the  structural  properties  of  this  type  of  parachute  were  such 
as  to  prohibit  its  use  for  reasonably  desirable  testing  periods. 
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I'cKtH  of  iJn*  fabric  parachnti*t>  during  tho  final  pha^tr  at  thr 
I.fwi.i  facility  indicated  that  with  the  exception  of  Mach  miinher 
effects,  no  dincernible  effects  of  porosity  and  number  of  gores 
could  be  ascertained.  All  tests  indicated  severe  fluctuationB  in 
the  air  flow  ahead  of  .a  parachute  canopy  ^and  attendant  erratic 
behavior  of  th«*  <  anopy  and  its  drag  producing  capability. 

I  he  phenomena  ol>served  during  the  te.st  program  at  Lewis 
indicated  the  presenci*  of  a  fliu  tuating  shock  pattern  ahead  of  tlu- 
canopy  with  a  normal  shock  oscillating  betw’een  a  point  adj,acent 
to  the  parachute  skirl  and  a  position  .somewhat  npstream  of  the 
canopy.  In  addition  to  the  norm.il  shock  a  conical  shock  was 
observed  which  appeared  to  originati*  at  the  point  of  confluence 
of  the  suspension  lines.  1  his  point  of  origination  at  the  con¬ 
fluence  point  could  not  be  confi  rm  ed  ,howe  ve  r  ,  because  of  the 
restricted  field  of  view  afforded  by  tin*  Schlieren  window 

The  fluc  tuation  of  the  shoe  k  pattern  could  be  correlated  to 
some  degree,  with  the  large  magmtude  "breathing  action  of  the 
parachute  canopy  with  it..naUon  varying  from  70  percent  of  nor¬ 
mal  inflated  diamet(*r  tc:)  as  little*  as  30  percent  of  inflated  diame- 
t(*  r .  Typical  film  sequeiues,  shown  m  Figures  2  and  3,  illu.stratc 
the  breathing  or  pulsation  c  ycles  ol  four  FIST  ribbon  para¬ 
chutes  as  tested  at  a  Mach  number  of  3.5  during  the  Lewis  wind 
tunnel  program.  Parac  hute  inOation  and  drag  cha  rac  te  r  i  s  U  c  s 
are  di.scussed  in  greater  detail  lat(*r  in  this  report.  In  addition 
to  this  erratic  inflalion  behavior,  a  parachute  was  observed  to 
oscillate  with  the  oscillations  bi'c  ciming  mure  violcmt  as  ribbons 
failed. 

The  phenomena  described  above  were  observed  at  all 
Mach  numbers  but  were  especially  pronounced  at  the  highest 
test  Mach  number  of  3.  5.  Some.* what  less  violent  acticjii  was  in¬ 
dicated  at  a  Mac  h  number  of  2. 0. 

Two  factors,  acting  either  independently  or  simultaneously, 
were  believed  to  be  responsible  for  th<-  erratic  behavior  de¬ 
scribed  abovi-.  These  were: 

(1)  The  flexibility  of  conventional  parachute  materials 
and  structure,  which  permitted  the  excessive  pulsation  of 
the  canopy  and  lines 

(2)  The  "shock  tickler"  effect  (References  3  through  6) 
due  to  the  orientation  of  the*  suspt*n.sion  linens  and  their 
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Parachute  S/N  508M 
Diameter  3. 66  ft 
Porosity  19.2  Percent 


1 


2 


3 


4 


5 


6 


7 
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Parachute  S/N  509M 
Diameter  3 . 66  ft 
Porosity  10.  l^i  Percent 


Fignrp  1.  Pul.sation  Cyrle.s  nf  24  Gore  FIST  Ribbon  Parachutes 
in  Wind  Tunnel  Tests  at  M  =  3.  5  (q  =  315  psf) 


I 
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Parachute  S/N  505M 
Diameter  4  ft 
Porosity  29.4  Percent 


Parachute  S/N  506M 
Diameter  3.92  ft 
Porosity  5.6  Percent 


Figure  3.  Pulsation  Cycles  of  16  Gore  FIST  Ribbon  Parachute.s 
in  Wind  Tunnel  Te.sf.s  at  M  =  3.  5  (q  -  315  psf) 

1  1 

■  r 
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confluence  point  upaircam  of  the  canopy,  which  occur#  in 
•  uperaonic  flow  and  tenda  to  place  the  canopy  in  a  low  ener¬ 
gy,  highly  turbulent  flow  region.  For  a  particular  configu¬ 
ration,  thrs  action  may  lead  ro  severe  reduction  of  the  para¬ 
chute  drag-producing  capability.  This  factor  and  ito  possi¬ 
ble  influence  on  parachute  drj.g  are  discussed  in  Appendix 
IV  of  this  report. 

It  was  apparent  that  the  interaction  of  these  two  phenomena 
was  complicated  and  wi'uld  tend  to  obscure  the  configuration 
characteristics  responsible  for  the  observed  behavior.  Dynamic 
effects  due  to  the  pulsation  tendency  of  the  canopy  complicated 
the  situation  so  much  that  the  pressure  system  which  caused  the 
erratic  behavior  was  alte  red  beyond  recognition. 

b.  Parachute  Inflation  and  Drag  Characteristics 

Film  records  of  the  final  tests  at  the  Lewis  Research  Cen¬ 
ter  indicated  that  all  parachutes  tested  at  a  Mach  number  of  3,  5 
exhibited  rather  poor  inflation  characteristics.  The  degree  of 
inflation  of  any  test  parachute  at  any  time  during  a  test  run  was 
difficult  to  ascertain  from  the  films  because  of  the  constant 
pulsing  or  breathing  action  that  each  parachute  experienced 
during  its  run.  Figures  2  and  3  give  some  indication  of  the  pul¬ 
sation  cycles  of  various  ribbon  test  parachutes.  It  was  estimated 
that  the  maximum  inflation  of  any  ribbon  parachute  at  any  time 
was  never  greater  than  about  70  percent  of  the  maximum  inflated 
diameter . 

The  poor  inflation  characteristics  were  fr.rther  corroborat¬ 
ed  by  the  low  magnitudes  of  the  recorded  drag  values  provided 
such  values  can  be  treated  as  absolute  vedues.  The  validity  of 
these  data  must  be  regarded  with  some  suspicion,  however,  be¬ 
cause  of  difficulties  encountered  in  the  response  of  the  measur¬ 
ing  system  and  in  the  interpretation  of  the  scatter  which  was 
present  in  the  Brush  records.  Although  the  accuracy  of  the  drag 
data  as  shown  in  Table  2  is  questionable,  it  is  believed  that  such 
'ata  are  sufficiently  reliable  to  warrant  the  following  discussion 
and/or  analysis. 

An  attempt  has  been  made  to  correlate  the  drag  coefficients 
of  various  ribbon  test  parachutes  with  that  obtained  from  a  theo¬ 
retical  expression  derived  in  Reference  2,  The  expression  from 
Reference  2  for  the  fore  drag  of  a  ribbon  parachute  in  dimension¬ 
less  form  and  as  a  function  of  the  inflated  area  is  given  by 


WADC  TR  58-532 


12 


table  2 


OK  AG  DATA  FROM  LEWIS  WIND 
(q  =  315  jjriO 


lUNNEL  1  ESl.s 


Tf8  t 


Geonie  l  ric 
Poros  i  ty 


Run  Parachiitr  (%  Total 


No . 

No. 

Area) 

1 

513 

19.2 

2 

514 

19.2 

3 

508 

19.2 

4 

511 

19.2 

5 

512 

19.2 

6 

507 

Variable 
c  rown-  20 . 

ski  rt-  0 

505 

29.  4 

8 

506 

5.  6 

9 

509 

10.  12 

10 

510 

20%  slots 

whe  re 

= 

'  p® 

A  roa 

Ma.h 

CofKS  t  ructrd  Inflated  No. 


D  r  a  j» 
(lb) 


Dta)4 

Cot;  flu  If  til 
(  Ba.Sfd  on 
flatf  d  A  Tf  ,1 


10. 
IJ.  5 
10.  5 
10.  5 
10.  5 
10.  5 


•1.  67 
•1. 67 
4.  67 
4.  67 
4.  67 
4.  67 


12.  6 
12  1 
10.  5 
8.  32 


5,  60 
5.  37 
4  67 
8  32 


3.  5 
3.  5 
3.  5 

2.  S 

2.  0 

3.  5 


3.  5 
3.  S 
.  5 
I  3.  5 


_I  _ 


4  3  5 

SOU 

4  50 

650 

OOO 

350 


0.  29  6 
0.  340 
0,  306 
0.  442 
0.612 
0  238 


350 

840 

500 

S'iO 


5S0 


0  108 
0.  497 
0.  540 
0.210 


-  I 


R 


A 

o 


'Df^  ~  fore  drag  coefficient 


K. 


shape  factor  .  0.96  (cons.dertng  a  r.bbon  ,s  a  two. 
dimensional  flat  plate) 


Pr 


CD 

r 

M 


stagnation  pressure  after  normal  shock  in  terms  of 
free  stream  static  pressure 


specific  heat  ratio  =  1.4  (for  air) 
Mach  number 
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A, 


=  parachute  Hoiidity  factor  ^ 


ratio  of  inflated  artja  to  conatructed  area  "  1/9  for 

1  1ST  ribbon  parachute 


The  bade  drag  coefficient  of  the  parachute  ia  given  from 
Reference  2  by 
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=  0.  83 
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FlAGMD  »IW»f»fltT  POtMTS 

usitfc  TMro«T  Of  innmmcf  \ 

CAlCOi  ATI  0 

since  Reference  2  shows  results  which  indicate  an  average  pres¬ 
sure  ratio  (Pq/Pcd  ^  of  0.42  is  satisfactory  for  use  over  a 

wide  range  ol  supersonic  velocities. 

Thus,  by  the  use  of  the  above  fore  and  base  drag  expres¬ 
sions,  it  has  been  possible  to  calculate  the  total  drag  coefficients 
of  four  ribbon  parachutes  of  different  porosity  and  at  Mach  num¬ 
bers  for  which  experimental  data  were  obtained  from  the  Lewis 
tests.  A  comparison  of  these  theoretical  and  experimental 
values  is  shown  in  Figure  4.  This  figure  shows  that  the  agree¬ 
ment  between  theory  and 
experiment  is  fair  at  the 
lov,rer  Mach  numbers  where 
the  experimental  value  is 
approximately  80  percent 
of  the  theoretical.  This 
agreement  varies  with 
Mach  number  until  at  Mach 
3.5  the  experimental  value 
is  only  33  p'ercent  of  the 
theoretical.  These  com¬ 
parisons  have  been  based 
on  the  expected  full  infla¬ 
tion  areas  of  the  para¬ 
chutes;  however,  on  the 
basis  of  a  maximum  in¬ 
flation  of  only  70  percent 

any  agreement  such  as  a  r  i-  ■ 

^  Figure  4.  Comparison  of  Experi- 

discussed  above  must  be  ^  i  j  rr.i  i 

mental  and  Theoretical 

assumed  to  be  entirely  r'  er-  ■  ^ 

/  ura.g  Coefficients 

fortuitous.  ,  ,  5  « 

Iq  =  3ib  psf) 
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Although  tioitic  (louhl  rxiiitH  with  regard  lu  the  expe  r>nif  u- 
tal  drag  values  obtained  during  the  Cleveland  leHts,  enough 
evidence  in  the  torni  of  motion  pictures  exists  to  induati*  that 
the  iiination  t  ha  rac  te  r  is  tic  s  of  tin-  test  pa  r  ai  huti- n  at  'mper.onii 
speeds  were  extremely  poor.  'Ihus,  the  parachutes  were  not 
developing  their  full  drag  potential.  Further  disiussion  ^)f  .i 
possible  cause  for  the  reduced  drag  tind  inflation  charai  teris- 
tics  is  given  in  Appendix  IV  where  a  lomparative  analysis  of 
the  parachute  <  ase  with  a  blunt  body  -  nose  spike  i  onfi  gu  r  at  um 
IS  considered. 

The  reduced  drag  and  inflation  problems  encountered  in 
the  Lewis  wund  tunnel  program  were  also  observed  in  extensive 
supc'rsonic  flight  te.sts  as  reported  in  Reference  7.  This  refer¬ 
ence  (Reference  7)  refers  to  recovery  tests  of  a  supersonic 
flight  test  vehicle  whc*rein  various  test  parac  liules  were  utih/.c-d 
as  the  first  or  braking  stage  of  a  vehic  le  recovery  system. 
These  first  stage  test  parachutes  were*  conic  al  and  shaped  rib¬ 
bon  parachutes,  which  were  deployed  at  speeds  up  tc,  a  Mac  h 
number  of  2.7  at  altitudes  from  16,000  to  23,000  fc-et  In  addi¬ 
tion  to  reduc  ed  drag  and  poor  inflaUon,  these  test  parac  hules 
exhibited  many  of  the  undesirable  c  ha  i  ac  te  n  s  li  c  s  whicli  wc-re 
observed  in  the  Lewis  wind  tunnel.  Among  these  were:  fre¬ 
quent  failures  of  shroud  lines  at  loadings  from  1 /•}  to  1/ ^  of 
allowable  load;  and  numerous  instances  of  skirt  ribbon  failure 
and  flutter. 

3.  Test  Program  Continuation 

Although  the  results  of  the  test  program  in  the  NASA  fac  ility  at 
Cleveland  were  negative  with  respect  to  achievement  of  a  satis  fac.  to  r  y 
parachute  configuration,  the  results  served  to  establish  the  approac  h 
which  should  be  taken  in  future  work.  These  results  indicated  that 
the  effects  of  flexibility  on  the  flow  characteristics  could  be  consid¬ 
ered  more  fully  by  isolating  the  effects  of  elasticity.  This  could  be 
accomplished  by  utilization  of  a  rigid  model  in  a  continuation  of  the 
program  in  a  suitable  supersonic  wind  tunnel.  Some  of  the  variables 
which  would  be  considered  in  a  new  or  continued  program  would  be 
suspension  line  length,  confluence  point  I.ication  and  the  apex  angle 
at  the  confluence  point.  Accordingly,  arrangements  for  a  test  pro¬ 
gram  in  the  Unitary  Plan  Wind  Tunnel  at  thi‘  Langley  Research  Center 
of  the  NASA  were  finalized. 
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parachute  Mod«*lit 
1.  GrUiT.ll 

Rortullfi  of  th«‘  l«*Ml  {>r(>(» r.'ifu  »n  the  Lanj^ley  KcHcarch  C<'nt»T 
Unitary  Tufinrl  wrre  obtained  in  the  form  of  visual  and  film  observa- 
tioiiH  of  the  flow  patterns  about  the  canopy.  Conseqvu’iUly ,  the  follow¬ 
ing  will  be  limited  to  a  presentation  and  discussion  of  these  obs»-rva- 
tions  as  they  pertain  to  pariicular  configurations.  A  general  tabula¬ 
tion  of  these  observations  or  results  is  given  in  Table  3.  Th«*  configu¬ 
rations  tesli'd  during  this  program  differed  mainly  in  suspension  line 
length  as  follows  ; 

(1)  Canopy  alone  {  =  0) 

(Z)  Canopy  plus  short  suspension  line  system  (  "  1.0) 

(3)  Canopy  plus  long  suspension  line  system  (  ^1 =  2.0). 

The  values  shown  above  refer  to  the  suspension  line  length 

normal  to  the  canopy  skirt  in  terms  of  the  constructed  diameter  (12 
inches)  of  the  parachute  model.  The  variations  listed  above  are  illus¬ 
trated  in  Figu re  15. 

2.  Canopy  Alone  (  =  0) 

Tests  of  the  ranopy-alonc  configuration  at  Mach  numbers  of  2.  3, 
2.9fi.  3.5.  and  3.7  1  indirated  that,  in  all  cases,  the  flow  through  the 
canopy  was  choked  and  spilling  over  as  shown  in  parts  of  Figures  5  and 
6.  Two  shock  formations  may  be  observed  from  these  figures.  One 
was  usual  and  the  other  had  a  blister  effect  as  shown  in  Figures  8  and 
9.  Enlargements  of  typical  frames  from  the  high-speed  Schlieren 
movie  film  as  seen  in  Figure  5  illustrate  the  variations  in  flow  char¬ 
acteristics  with  Mach  number  which  were  seen  during  tests  of  the  20 
percent  porosity,  canopy-alone  configuration. 

Parts  (a)  and  (b)  of  Figure  5  in  particular,  exemplify  the  in¬ 
consistencies  in  flow  pattern  which  were  observed  many  times  during 
this  test  program.  The  patterns  seen  were  all  obtained  from  the 
same  test  run  of  the  20  percent  porosity  canopy  at  a  Mach  number  of 
2.  30.  There  was  no  change  in  the  model  or  tunnel  characteristics, 
and  yet  two  distinct  variations  in  the  appearance  of  the  shock  pattern 
were  evident.  One  explanation  for  the  above  considers  that  the  shock 
pattern  ahead  of  the  canopy  was  alternating  between  the  two  patterns 
shown  in  parts  (a)  and  (b)  of  Figure  5.  It  is  believed  that  this 


WADC  TR  58-532 


16 


TAIil  K  3 


RESULTS  OF  WIND 
THE  LANGLEY 


Tf*!  Con fi^ti ration 

.i0%  Porosity  Canopy 
without  Lines 


•i'1%  Porosity  Canopy 
without  Lines 


l.;07‘>  F^orosity  Canopy 
|)Ims  Short  Suspension 
i  .1  lie  Sys  t»-  m  (.?/D^  --  1  0) 


1^0%  Porosity  Canopy 
Plus  Long  Suspension 
lone  System  =  Z.O) 


TUNNEL  TESTS  IN  UNITARY  PI. AN  WIND  TUNNEL  AT 
RESEARCH  CENTER.  LANGLEY  FIELD.  VIRGINIA 


t)y  11. 1  III  1  • 

P .  e  s  s  u  r  <• 

Angle  111 
A 1 1 .1  (  U 

.M.n  h  No 

(psO 

(•legree) 

F 1 1)  w  C  h  .1  r  .1  >  1 1  r  1  ■>  1 1 1  n 

Z.  50 

ZOO 

0 

Unst".i(lv  •  1  h.inged  f  rum 
unMvn  metrii.il  hulging 

II  hoi  1<  front  to  -.vmmetri 

1  .\1  shell  k  Iront  iliiring  li-  .1 

Z.  98 

ZOO 

0 

S  t  e  .1  (1  y 

3  SO 

zoo 

0 

U  ns  tea  dy 

3  71 

zoo 

0 

Steady 

3. 00 

zoo 

0 

Unsteady  -  UiiNymmetrii.il 
bulging  shoi  k  f ront 

3.  0-1 

zoo 

0 

Steady 

3.  35 

150 

1  .  0 

Unsteady  -  uns  yrnmet  m  .il 
bulging  iihoi  k  1  rout 

3,  60 

1Z5 

0 

St  eady 

3. 60 

150 

0 

Unsteady  -  uns  y  m  me  t  r  1 1  .i  1 
bulging  shoc  k  front 

3. 70 

140 

0 

Steady 

3. 90 

115 

0 

Steady 

3 . 90 

.15 

4.  0 

Steady 

1 .  57 

ZOO 

0 

U ns  teady 

1 . 87 

ZOO 

0 

U ns  teady 

Z.  16 

ZOO 

0 

Uns  teady 

Z.  30 

ZOO 

0 

Unsteady 

Z.98 

ZOO 

0 

Unsteady 

3.71 

ZOO 

0 

Unsteady 

3.  ZO 

100 

0 

Unsteady  but  improvement 
over  previous  configu rations 

3.71 

zoo 

0 

Unsteady  but  improvement 
over  previous  configurations 

M  >  i..  iO  (Camera  Speed  - 
^  U)0  (r.irriea  per  aecond) 


(b)  M  :  1.  30  (Camera  Speed  - 
^160  frames  p<- r  leioini) 


(..) 


(c )  M  =  .  .  98  (Camera  Speed  - 
1440  frames  per  second) 


(d)  M  1.  SO  ((wimera  .Sp>?ed  - 

Ir. lines  per  sei  niid) 


(e)  M  -  3.  7!  (Camera  Speed  - 

IHOO  frames  per  -.eioiid) 


Fijruri'  5. 


Shock  Pattern  Photographs  -  20  Percent  Porosity  Canopy 
without  Lines  (q  =  200  psf)  (a  =  0*^) 
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1  ** 

1 

1 

1  % 

'V 

RHr 

1  1 

1  '  ; 

K  Jr  !»SSa.^Sj) 

IJ  d 


M  =  3.60  (q  =  150  psf)  (q  =  0°) 
(Cumen  Speed  -  2280  frames 
per  second) 


(0  M  »  3.70  (q  =  140  psO  (a  =  0°) 
(Camera  Speed  -  1800  frames 
per  second) 


B 

B  jmfu 

1 

I***-' 

1  V 

1  1 

1  'aiiHI 

1  < 

1 

r 

1  .  /■' 

Wy'  ■  . 

I  •  1 

—  ♦  -  / 

f  ’■  'i 

(g)  M  =  3.90  (q  =  115  psf)  (a  =  0°) 
(Camera  Speed  -  1860  frames 
per  second) 


(h)  M  =  3.90  (q  =  115  psO  (o  =  4^ 
(Camera  Speed  -  I860  frames 
per  second) 


Figure  6  (cont'd).  Shock  Pattern  Photograph  -  24  Percent  Porosif/  Canopy  without  Lines 


..!lrr..atw.K  ,..a»crn  at  •'  ‘’y m’ th- 

canopy.  Conaoqucn  >.  "  ,  ;  |,rojc.clion.  ta-aa  laktnp  pic - 

:!::z:k  a,a..n'c.  iac.a.,o,.a  pa....cn  .cc 

Moa.  or  tn,. .  anopv-aron.. ot  the 

...-a  cathcr  Violent  a  Ma'ch  nuinin- c  ol  .  t. 

r\:ra:r;;'’o?;  .t;::^;pn.^  ^a,  a.ao  a,  ,.i.a  Ma.,. 

numbe  r . 

te.st.s  of  a  20  perc  ent  poro  V*  '  (Reference  8).  The  model 

pncachnu.  lanopy  at  a  1^:;^  ana  waa  atinp- 

of  Reference  8  wa^  conbtruc  e  ..milar  to  that  of  the  present 

inonn.oa  in  the  tea.  r  ::;:vc.a  .h..  ctcen. 

;::V:ca:;:rt:r:r°Lre:::  B^na,catoa  .ha.  ....  em-ca  .  aca,.. 
or  Reynolds  number  were  insignificant. 

,11  order  .c  reduce  the 

in  the  canopy  was  inciease  .  rnetrical  portions  of  the  eighth 

rihbon  (rifth  up  rrom  the  ak.r.)  and  =V-m=.r.cal  port 

modified  canopies  can  be  seen  in  Figu 

The  additional  ^ of  approxi- 

geonne.r.c  poromly  about  ^  P  porosity  v,=  s  apparently  no. 

mately  24  percent.  This  Lprovement  in  Oie  now  charac- 

^hicVwas  witnessed  lor  the  20  percent  porosity  canopy. 

The  above  indicates  that  Txten- 

achieve  stable  llow  knowledge  ot  the  porosity  re- 

sive  test  program  .  bv  assuming  sonic  velocity  or 

-:ri!rnrer: r behind  .e  normal  shock  a.  .e 
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canopy  nkiri  and  calculattnf;  ihc  critical  area  ration  at  which  chokin}' 
ocewra.  The  method  and  aarnplc  calculationa  for  determining  the 
poroaily  required  to  yield  a  zero  apillovcr  condition  are  nhown  in 
Appendix  V.  A  curve  of  thin  calculated  porosity  as  a  fun  tion  of  M.«<  h. 
number  in  shown  in  Figure  19 

The  d-t  percent  porosity  canopy-alone  configuration  was  tested 
at  Mach  numbers  of  3  0,  3.04,  3.35,  3.6,  3.7,  and  3.9.  The  plujio- 
graphs  shown  in  Figure  6  indicate  that  the  variations  in  shock  pattern 
which  were  observed  were  completely  haphazard  and  impossible  to 
correlate.  However,  once  a  particular  flow  condition  was  established, 
it  remained  so  for  a  period  of  time  and  was  completely  independent  of 
Mach  number,  dynamic  pressure,  and  even  angle  of  attack.  It  i.s  sus¬ 
pected  however  that,  in  the  case  of  a  flexible  canopy,  interaction  effei.t'. 
would  cause  fluctuations  of  the  established  flow  condition. 

3.  Canopy  Plus  Short  Suspension  Line  System  (  -  10) 

Prior  to  modification  from  20  percent  to  24  percent  porosity, 
the  canopy  was  tested  in  conjunction  with  both  Dq  =1.0  and  - 

2.0  suspension  line  systems.  Tests  on  the  canopy  plus  short  lines 
(  ^/D  =1.0)  were  conducted  at  six  Mach  numbers  varying  fronj  1.  57 

to  3.^1.  Figure  7,  which  is  composed  of  enJargements  of  typical 
frames  from  high- speed  Schlieren  movies ,  indicates  considerable 
whipping  motion  of  both  the  bow  wave  and  normal  shock. 

There  was  little  noticeable  difference  in  the  performance  of 
themodelatMachnumbersofl.57,  1.  87,  and  2.  16.  The  flow  was 
generally  unsteady  at  all  of  these  Mach  numbers.  Since  a  Mach 
number  of  1.57  is  the  lowest  which  can  be  obtained  in  the  Unitary 
Tunnel  at  Langley,  it  was  impossible  to  determine  any  effects  at  Mach 
numbers  less  than  1.57.  Parts  (a),  (b)  and  (c)  of  Figure  7  show  the 
variations  in  the  appearance  of  the  bow  shock  at  Mach  numbers  of 
1.57,  1.87,  and  2.  16,  respectively.  Typical  three-frame  sequences 
as  shown  in  the  figure  give  some  indication  of  the  fluctuation  and  dis¬ 
tortion  tendencies  which  were  observed  during  this  series  of  tests. 
Fluctuation  or  distortion  of  the  bow  wave  during  the  M  =  1.57  to  2.  16 
series  of  tests  was  occurring  at  a  rate  of  approximately  350  cps  . 

This  rapid  distortion  action  of  the  bow  wave  was  apparently  caused 
by  the  tendency  of  the  normal  or  secondary  shock  to  detach  from  the 
skirt  of  the  canopy  and  move  upstream,  thus  distorting  the  bow  wave. 

A  1  degree  angle  of  attack  at  a  Mach  number  of  2.  16  had  little 
effect  on  the  unsteady  flow  characteristics  of  the  model. 
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(b)  Cont'd. 


(b)  Cont'd. 


Figure  7.  Shock  Pattern  Photographs  -  ZO  Percent  Porosity  Canopy  Plus 
Short  Suspension  Line  System  (  /Dq  =  1 . 0)  (q  =  ZOO  psf) 
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(c)  Scfiuence  of  Three  Coniecutive  Fr*rren  Showint;  Variation  in  Appearance  of 
Bov/  Shock  at  M  »  ?..  i6  (a  ■  0®)  (Camera  Speed  -  1  500  frame*  per  aecond) 


(d)  M  =  2.  30  (a  =  OO) 

(Camera  Speed  -  480  frames  per  st-cond) 


(e)  M  =  2.  98  (a  ^  0°) 

(Canic-a  Spc-ed  -  960  frames  per  second) 


(f)  M  =  3.  71  (q  .  OO) 

(Camera  Speed  -  480  frames  per  second) 


Figure  7  (cont'd).  Shock  Pattern  Photographs  -  20  Percent  Porosity  Canopy 

Plus  Short  Suspension  Line  System  (  ^  /D^  =1.0) 

(q  =  200  psf) 
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<ir  tu  i  r  V,  ,  a  1  S*‘r  M  fo  r  t  111  i  o  11  f  1  1  I'  a  I  .  1  >11  (  k' I  1  fr  7  )  1  >  I  1  1 1  dr  I  .  (i  :  I,  !  I . . 

r  xpl  a n a  1 1 1  r  y  il  1  >  »  u  s  ;  1  > n  i >  I  t  hr  r  r  d  u  !■  d  d  r  a  ^  a  t.d  1  n  0  .1 1 1  ■  1  n  1  !i.i  t  a  i  i  ■  ;  .  s 

t :  t, -1  .  <  n  ill  Apprndix  IV' 

■I  .  C.aridpy  I-*lur5  Lony;  Sii  s  pr  n  n  u  >n  I.itir  Syrjtrm  (  I)  d.  '  ) 

Tests  of  this  (  oti  1 1  yii  ra  t .  iin  v.  r  re  i  oiid  u  t  »‘d  at  a  *  h  11  1  r  n  Ir  -  i  -  c » ’ 
d.^)8  i .  d  (i ,  and  ^.71.  Photographs  .d  the  slunk  pattern--  at  Ma.h 

tr  im  be  f  s  of  i  d  0  and  3.71  are  gi  n  in  pails  (a)  ami  (  b)  ,  r  1  s  |  >r .  1  ^  r  1  \  . 

of  FiL’ure  8.  It  mav  bt-  senn  from  this  figure  that  How  londitmns  uri  i- 


(.1)  M  3.20  (q  ^  100  psf)  (b)  M  =  3.71  (q  =  ZOO  psf) 

(Camera  Speed  -  2160  frames  per  second)  (Camera  Speed  -  480  frames  per  sec  oral) 


Figure  8  Shock  Pattern  Photographs  -  dO  Percent  Porosity  Canopy  Plus 
Long  Suspension  Line  System  (-^/D^  -  d.  0)  (a  1=  0^^) 

somewhat  improved  over  those  occurring  for  previously  tested  con¬ 
figurations.  The  fluctuation  of  the  bow  shock  was  relatively  insigni¬ 
ficant  at  Mach  numbers  of  3.d0  and  3.71.  Howe  ver,  atM  =  3,d0,  the 
normal  shock  tended  to  detach  from  th:  canopy  skirl,  move  upstream 
and  back  and  then  reattach.  No  such  normal  shock  action  was  noted 
at  the  3.71  Mach  number  since  the  normal  shock  seemed  to  remain 
attached  to  the  skirt  of  the  canopy.  Considerable  suspension  line 
bending  was  noted  for  the  M  =  3.20  case,  but  not  for  the  higher  Mach 
num be r  of  3.71. 
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SECTION  IV 


CONCLUSIONS 


The  preceding  diflcwsHion  indicates  that  tlie  pruhleiiis  or  faclur.i  in- 
lliiencing  the  performance  of  parachutes  at  supersonic  speeds  are  manifohl. 
Some  of  the  more  important  of  these  problems  are  discussed  in  the  following 
paragraphs.  In  addition,  some  general  remarks  regarding  considerations 
for  future  test  programs  arc  included. 

It  may  be  concluded  from  the  Lewis  wind  tunnel  program  that  the 
following  factors  have  been  responsible  for  the  results  achieved  then-: 

(1)  Violent  breathing  or  pulsing 

(2)  Reduced  inflation  and  drag  associated  with  (1)  above 

(3)  Interaction  effects  due  to  flow  characteristics  and  canopy 

flexibility 

(4)  Oscillation  resulting  in  failure  of  materials  at  relatively  low 

loading  conditions.  Material  failure  was  due  to  fatigue  rather  than 

loadi  ng . 

Obviously  then,  in  the  development  of  a  parachute  configuration  suit¬ 
able  for  supersonic  operation,  effort  must  be  directed  toward  resolution 
of  the  problems  as  given  above.  In  this  regard  the  logical  approach  to  be 
pursued  as  a  result  of  the  Lewis  tests  was  the  one  taken  in  which  the  effects 
of  flexibility  were  canceled  by  the  use  of  rigid  models.  This  was  the  recom¬ 
mendation  of  these  Laboratories  and  the  main  purpose  for  instituting  the 
Langley  program. 

The  results  of  tests  in  the  wind  tunnel  at  Langley  indicated  that  vari¬ 
ations  in  the  shock  patterns  w'cre  completely  haphazard  and  relatively  inde¬ 
pendent  of  Mach  number,  dynamic  pressure,  and  angle  of  attack.  In  addition, 
shock  pattern  di.s continuities  and  unstable  flow  characteristics  at  particular 
Mach  numbers  were  observed  for  most  of  the  test  configurations  .  Informa¬ 
tion  reported  in  Reference  7  relative  to  the  flow  characteristics  of  a  20 
percent  porosity  2.  5  inch  canopy-alone  configuration  tends  to  substantiate 
the  occurrence  of  these  discontinuities  and  unstable  flow  characteristics. 
Further  comparison  of  the  characteristics  of  Reference  7  with  the  current 
program  indicated  no  effects  of  Reynolds  number. 


•r< 
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Son>c  knowlcdm*  o(  ihr*  porcmny  required  to  reducr  the  »r*v«*rr  4 
condttionn  which  wrre  in  evidence  waji  reahr.cd  by  .iKtuniin^  M.iih  1  C  fluvk 
in  the  canopy  :»lolb  and  c  alculaling  the  critical  area  ration  which  will  f;!vr 
zero  apillovcr  an  1  lliui  t  ra  to  d  in  Appendix  IV  The  reaullrt  of  tliene  talc  1 1 .1 - 
lionH  are  ahowti  in  Flmire  19  aa  a  function  of  Mach  numbe  r  I  h<-  M  fp.n  i! 
porc»Mity  varieH  w'lth  Mach  numbc>r  from  11  p«*  ri  ent  at  M.k  h  1  in  jx- 1 

c ent  at  M a c h  ■! .  0 . 

It  should  be  noted  that  at  all  Mach  tuifiibers  the  1  al  c  nl  .1  te  d  pti  m ;  t ;  i- s 
are  higher  than  those  normally  used  in  conventional  parat  huti-  denigns  arwi 
also  higher  than  those  usc'd  in  the  parachutes  .ind  models  ti’sted  to  date 
Hence,  no  actual  test  data  are  presently  available  and  therefore,  a  f  it.in- 
test  program  should  be  directed  towards  the  examination  of  [larachutcs  w.tl. 
very  high  geometric  porosities.  In  order  to  obtain  an  aiiequate  spread  n. 
the  data  the  best  approach  would  be  to  construct  a  series  of  models  with 
porosities  ranging  from  to  45  percent. 

In  order  to  determine  the  characteristics  of  the  varic^us  mcjdels  being 
tested  so  that  the  behavior  of  actual  parac  hates  (  an  be  predu  ted,  it  w  ill  be 
necessary  to  measure  pressures  at  various  point  inside  the  canopy.  Also, 
since  full  inflation  of  a  parachute  results  in  tensile  stre.ss('s  1  ri  the  sRirt 
ribbons,  strain  gages  should  be  employed  to  determine  the  tension  in  tin* 
skirt.  This  information  w'ould  aifl  in  the  determination  of  a  paraih.ite  i  on- 
figu  ration  which  would  give  a  fully  inflated  condition. 

Since  the  results  of  this  program  have*  indicated  the  need  for  f.irtlicr 
development  work,  future  wind  tunnel  test  programs  (c  arried  on  under 
Contract  No.  AF  3  3(6 1  6)-  5507)  will  employ  lest  models  with  which  the  effto  ts 
of  higher  porosity  in  flow  s  tabili  zation  w'ill  be  studied.  In  addition,  the 
effects  of  vents  and  their  size,  slot  orientation,  clustered  parachutes,  otb.er 
parachute  types,  etc.  ,  will  be  considered  in  future  test  programs. 
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APPENDIX  I 


FABRIC  PARACHUTE  DESIGN 


A  I  nt  Kt  lill  1.  I  1U!1 


1  li  r  I  (if  s  ;  r  la  I  '•  r  i  (j1  f  s  p.i  f.n  ii  :  t  •">  and  i  i  !•  IS  I  i' .  id),  n  p.i  i  .t .  I.  . 

u  f  r  f  (if  3  1  ^nr  d  lo  f  ill  gli  -  d  'A  ;  tul  t  i  nn  1  t  »■  -.  t  I  he  1 1)  i  - .  t . ^  i  -  i  f  (  . 

to  df  tf  r  ■'  .  Mf  a  n  (i  1)  r  a .  k  <•  t  t  i;  i-  pa  r  a  iiif  t  <•  r  3  iu .  i:  v  i  f  1  i  la  to  1  i !  ,  .i d  (  d ) 

f  tat)lish  the  strcnf^thol  tiif  rn.itf  rials  iscd. 

Past  fxpcrifm  <■  in  thf  dfsiLjn  o  I  in  li  -  s  pc  f  (i  para,  hnif-'  [)la\fd  .i  rna 

r.il  f  in  s  f  1  fc  li  np,  p  rup.'  r  nia  t  c  r  i  a  1  u  In.  h  .  <  >  il  d  u  1 1  lis  t  a  nd  p  r  .  s  .  r  .  . .  nd  1 1 

1  n  s  ipf  r  sum  I  flow  . 

1  hf  ranpf  of  \  a  r  i  a  lil  f  s  ami  df  s  i  pi;  pro.  .•  (In  re  a  r  f  o  1 1 1 1  i.f  (i  In  -  r  .•  i  n  1 .  > ; 

Ijolh  tvpcs  (j  f  fabru  .  .inop.fs  imifr  "  t  idv  as  hipii  Math  drap  (ifvi.  .  .  I  !.■ 

basic  (  onfipu  rat  ions  ucri'  ali.-rml  a.  th.-  t.st  propram  proprfss.d. 

1  Guide  Surfate  Kildess  Para,  b  ites 


The  three  piiuie  sorf.ne  nldes.s  (G.S  R  )  p.ira.lriles  had  .i  1 
percent  eent  are.i  \<.itli  0,  IG,  and  2.V<  percent  slots,  r  e  s  pc .  1 1  c.  •  I  y 
All  dimensions  of  the  individial  pores  were  a  lum  lion  ol  di.imeter 
\vhi(h  varied  from  d  t)7  feet  to  3.db  feet.  'I'he  suspension  l.n.  s  uer. 
one  diameter  in  lenpth  from  the  shirt  to  tlie  ((Onflueme  point 


Amu  re  de  ta  lied 
in  Taiil  e  d  .  A  t  ypi  c  al 
11.  illustrated  in  Fipure 

d  FIST  Ribbon  Para¬ 
chute  s 

Perhaps  the  most  im¬ 
portant  parameter  in  tlie  de- 
sipn  of  FIST  ribbon  para¬ 
chutes  IS  the  geometric  po¬ 
rosity.  Therefore,  accu¬ 
racy  was  emphasized  when 
determining  the  open  area 
within  the  boundaries  of 
the  canopy. 
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list  of  materials  and  gore  geometry  is  given 
layout  of  the 
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in.  for  Parac  hat.*  No.  510 


The  canopies  v«.4Tc  conslructed  with  radial,  Im  r : /.ontal  .  and  i.  «•  r - 
tical  ribbons  all  of  which  were  considered  irnpc  r  vin.is  and  a^s  ifr.i-d  !u 
have  zero  material  porosity 


Two  types  of  PTS  I  ribbon  parachute',  were  di',,if’neti  and  teiti-d 
The  regular  canopy  had  horizontal  ribb»>ns  ecpially  sp.i.ed  from  vi-iit  to 
bkirt  and  Wias  denoted  by  a  single-  pcjrosity  vahie  A  tyjm  al  gore  !avo  ;t 
IS  shown  in  Figure  10.  In  the  modified  canopy  two  val  les  of  equ.di  rib¬ 
bon  spacing  existed.  The  one  spacing  applied  to  the  <  rown  region  fro.-n 


Figure  10.  Typical  Gore  Layout  -  PTST  Ribbon  Parachute 

the  vent  radius  to  approximately  two-thirds  the  diameli-r.  The  second 
spacing  applied  to  the  .skirt  area  from  two-thirds  the  diamc-ter  to  the 
base  of  the  gore.  The  porosity  of  the  skirt  and  c:rown  were  calculated 
by  treating  the  whole  parachute  as  two  individual  canopies.  A  typical 
mc:)dified  gore  layout  is  illustrated  in  Figure  1  1 

The  geometric  porosity,  number  of  gores,  flat  diameti-r,  mate¬ 
rials,  etc.,  are  listed  in  Table  5  for  all  FIST  ribbon  parachute.-,  de¬ 
signed  for  the  test  program. 

Although  the  following  example  applies  to  the  gore,  3.66  foot 
diameter  FIST  ribbon  parachute,  the  same  method  and  formulas  we  re¬ 
used  to  estimate  the  geometric  porosity  of  all  the  PTS'I'  canopies. 


3  3 
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F'lgure  11.  Typical  Gore  Layout  -  FIST  Ribbon  Parachute 


I 


Initially,  the  materials  were  selected,  the  number  of  gores  were 
established,  and  the  diameter  was  tentatively  fixed.  The  desired  geo¬ 
metric  porosity,  Xg  ,  A^as  19  percent  of  the  total  flat  area. 


The  flat  area  of  the  canopy  is 


S 


o 


(sin 


180 

n 


)  (cos 


1502  in^ 


whe  re 

-  flat  diameter  of  canopy  =  3.66  ft 

n  =  number  of  gores  =  24 

a  general  rule  the  open  area  at  the  vent,  s,  is  1  percent  of 
the  flat  area.  Or 

s  =  0. 01  S  =  15. 02  in^ 
o 
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Ml^  Avp-3*f>3e..wp4t«- 
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r  t 


^  The  vem  r.,.lu.„.  Uy.  required  lo  yield  .he  15.02  ,„i  of  open 
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1  n . 


Ifi  this  ca.so,  W 


.n„  .he  een,.  -spe„»ion  l„.e  c  roK, 


The  , poems  between  horizontal  ribbon.s,  b, 

f  rif%  C,  :  ^  ^  ^  I  I 


torma  of  cleairod  yeom#»fr*^  \  ^  »  Oji  is  npp  roxima  tt*  d 

W„,,  andeerticar ^■»»onw.d.h. 


in 


idth, 


VT- 


w 


HR 


lUOa 


=  0.600 


( w 


VT  ^  h) 


a  = 


•spacing  between  vertical  ribbons  =  I.5 

k  -  factor  for  small  canopies  =  8.3 


in . 


The  number,  m,  of  horizontal  ribbons 
between  the  vent  and  skirt  is 


which  will  fit  in  the  s 


s  pace 


(- 


Dr 


m~. 


_ _  □  \  1  BO 

Ry)  cos - +  b, 

n  1 


w  f  b 

HR  °1 


=  f  1  (nearest  whole  i 


ntege  r) 


The  actual  equal  spacing  of  the  11  horizontal  ribbons  i 


IS 


b  = 


m  -  1 


(-^  -  Rioi 
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180 

V.  cos  -  -  m  W 


-  0.668  in. 
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riu-  optTi  are.i  blcitkcci  by  vi'rtu.il  t.iprs.  A  ,  is  tin-  priuiu  t 
thf  h(  ri/.ontal  ribbon  spat  mg,  b,  .iiul  th*-  vcriu  al  tapr  '.vidiJi,  y  j  . 
linifs  ‘hf  nutiibcr  ^if  blot  king  <•  1  erne  i,ts  ,  g. 
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Finally,  thi-  gfonictnc  pi'iro.sity 


1  -> 


X  fi  -  ( s  t  y\  -  A  ) 


1  00 


I'l .  Z  pc  r  (  i'  n  i 


o 


The  [:)orosity  may  be  rt'fined  to  any  exact  value  by  adjiistiiig  th 
diameter  and  ribbon  spat  ing.  In  some  cases  the  width  of  thi*  raiiial 
ribbon  was  reduced  yielding  as  much  as  8  pen  cut  more  open  .ina. 
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APPENDIX  It 


RIGID  PARACHUTE  MODEL  DESIGN 


The*  fDodrI  wftri  denigned  ;o  fUmulAtr’  a  pArAchvitr  with  .ifj  inflAird  r  l.S'l' 
Ribbon  typ«’  c  Afiopy.  Every  Attempt  waw  made  to  Achieve  a  realifitu  r«'p!;c.i 
vt-ith  no  deviAttonM  except  where  strength  of  f.'ibricAtlon  reqn  i  n- me  nl  s  neces¬ 
sitated  It. 

Originally  it  wa.s  specified  that  the  canopy  of  the  moc'el  be  designed  so 
that  the  porosity  could  be  varied  automatically  from  controls  located  oit.ide 
the  te.st  section  of  the  wind  tunnel.  However,  ac  rodymap'iic  limitations  on  the 
geometry  of  any  system  that  might  be  used  to  accomplish  this,  so  compluat- 
ed  the  design  that  this  feature  was  eliminated.  It  was  then  decided  to  pattern 
the  canopy  after  a  3.66  foot  diameter,  FIST  ribbon  canopy  composed  of 
twenty- four  1  inch  radial  ribbons  and  eleven  1  inch  horizontal  ribbons  .spaced 
to  provide  a  porosity  of  ^0  oercent.  A  typical  gore  layout  is  shown  in  Figure 
1^. 


The  canopy  was  made  from  a 
stainless  steel  spinning  in  ’‘'h.ch  a  pat¬ 
tern  of  rectangular  slots  was  cut  to 
form  the  ribbons  (see  Figure  13).  The 
vertical  ribbons,  normally  found  or.  all 
FIGT  type  canopies,  were  omitted  to 
facilitate  fabrication.  The  vent  area  of 
apex  of  the  canopy  was  left  solid  so  that 
the  c  anopy  could  be  attached  to  the  wind 
tunnel  sting.  The  contour  of  the  canopy 
was  that  formed  by  the  gore  centerlines 
of  a  solid,  Qat,  circular  type  parachute 
canopy.  The  construction  details, 
shown  in  Figure  14,  were  based  on  in- 
fc^rmation  obtained  from  Reference  9- 

Three  separate  sets  of  i/3  inch 
diameter  suspension  lines  were  designed 
for  the  model.  Each  set  of  lines  was  of 
a  different  length  but  was  otherwise  iden¬ 
tical  in  every  detail.  This  was  done  to 
permit  an  investigation  of  the  effects  of 
suspension  line  length  on  the  aerodynam¬ 
ics  of  the  model.  Particular  care  was 


Figure  12.  Typical  Canopy  Gore 
Layouts  Showing  De¬ 
tails  of  the  Slots 
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BEFORE  MODIFICATION  AFTER  MO()if  CAnON 

P0R0SITY-20V.  porosity  24“/. 


P'lf^urr  13  Canopy  Confi  i  r  alions  Belorc  aiui  Altir  Modi  l:i  al  ion 


takrn  to  design  suspension  line 
attachments  that  were  aerody- 
narYiically  clean  and  would  per¬ 
mit  the  lintvs  to  be  easily  at¬ 
tached  to  the  canopy.  The  at- 
tai  hment  at  the  confluence 
point  of  the  lines  also  contained 
a  feature  which  would  permit 
the  geometry  of  its  apex  to  be 
changed.  While  the  clevis  at¬ 
tachment  (refer  to  Figure  15), 
used  at  the  canopy  end  of  the 
lines,  was  not  quite  satisfac¬ 
tory  from  an  aerodynamic 
standpoint,  its  size  was  dic¬ 
tated  by  strength  require¬ 
ments. 

The  model  was  built  to  a 
scale  of  1  to  3.66.  This  scale 
was  used  since  it  provided  the 
largest  model  that  could  be 
conveniently  accommodated  in 
the  high-speed  test  section  of 
the  Langley  wind  tunnel. 


NOTE  CAMOev  CCMTDun  rOMCD  IV  THE  OORC  CCNTCm.lNtS  or  A 
rua.Y  1W.ATID  ELAT  TYRE  Y-T  CANOfY  (REFERENCE  *1 
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Figure  14.  Dimensional  Details  of  the 
Canopy  Contour 
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Ai-'PKNDIX  III 


.stke:ss  analysis  of  an  a  inch  diameter  rigid  parachu  i  k  model 

1  lu  s  analysis  covrrs  the*  strrtjgth  of  a  rij^ul  parat  hull-  nuxii’l  iwulcr 
room  t  cm  pi' r  a  t '  I  ro  conditions  and  a  dynamic  pri'ssurc  of  100  11),  11“  While 
the  entire  structure  ot  the  model  has  been  thoroughly  examined,  this  analy¬ 
sis  re()orts  only  on  the  more  critical  components. 

It  13  believed  that  the  methods  used  in  this  analysis  are  oljvious  with 
the  possible  exception  of  the  calculation  of  the  disi  ontinui  ty  stresses  in  the 
canopy.  A  complete  discussion  oi  the  method  used  to  caliulati'  tliesi- 
stresses  can  be  found  in  Reference  10. 

While  this  analysis  was  based  on  a  dynamic  pressure  of  100  Ib/ft*"  llu' 
conservative  techniques  used  in  calculating  both  the  stri'sses  and  the  aero¬ 
dynamic  loads  make  it  possible  to  safely  test  up  to  a  dynamn  pressure  of 
20C  Ib/ft^. 

A  Sting  Adapter  Components 


CANOPY 


Of  the  various  sting  adapter  components,  the  canopy-sting  bolt 
developed  the  more  critical  stresses.  Below  is  a  free  body  of  this 
component. 
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II 


Canopy-Sling  Boll  Material  -  ALSI  *1130  Steel 
Yield  Strength  -  52000  Ib/in^ 


The  stress  developed  by  the  horizontal  and  vertical  forces  H  and 
V  IS  not  significant  and  can  be  ignored.  By  assuming  that  the  moment 
M  develops  pure  bending  in  the  bolt,  which  i.s  not  strictly  true,  but  it 
IS  c ons(‘ r  vati  ve  to  do  so;  the  maximum  stress  was  found  from  the 
expression 


whe  re 

ah  =  maximum  fiber  stress 
M  ~  bending  moment 
Z  =  section  modulus 
Calciilati ons : 

^18  ? 
cr  b  =  o~^-  =  7500  Ib/in 

Safety  factor  =  =  6.9 

^  7500 
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B .  Canopy 


Of  all  the  canopies.  conHiderecl  for  leHtinj;,  (hr  canopy  s..iih  a 
dcsifjn  as  shown  below  war.  found  to  be  ’.he  must  <  ritu  al 


Critical  Gore  Coiifij^u  ration 


This  gore  is  formed  from  Z  i  radial  ribbons  with  only  on.-  horizontal 
nbbon  located  at  the  mouth  or  skirt  of  the  <  anopy 


r 


li  U.  d  1  lb 
,  •  "} .  b  1  n - 1  b / 1  n  . 

V,^  -  U.67ib/in 

M  j  1  (J .  4  1  n  -  1  b  /  1  n 
V  j  4  1  b  / 1  ri . 
p  -  100  Ib/ft'^ 

1  0  093  in 


F ree  Body  of  the  Horizontal  Ribt.on 
Canopy  Material  -  30Z  Stainless  Steel  Yield  Stia-ngth  -  80,  000  Ib/in^ 


WADC  TR  58-53Z 


43 


H  =  0. 41  lb 
Mj>  =  1  1  in/lb 

V^’  =  4.  3  lb 
p  =  100  lb/ft‘^ 

t  =  0 . 09  3  i  n . 
R  =  4  in. 


Free  Body  of  the  Radial  Ribbon 

Canopy  Material  -  302  Stainless  Steel  Yield  Strength  -  80,  000  Ib/in^ 

The  magnitudes  of  the  moments  and  forces  shown  above  were 
obtained  from  a  consideration  of  the  deflection  and  rotation  of  the 
canopy  ribbons  and  the  24  riser  linf's.  To  calculate  these  quantities 
the  horizontal  ribbon  was  treated  as  a  short  cylinder  and  the  radial 
ribbons  were  considered  as  thin  curved  cantilever  beams.  The  24 
riser  lines  were  assumed  to  be  simply  supported  beams  with  an  edge 
moment  at  the  canopy  end  of  the  lines  (see  Section  C). 

1  .  Radial  Ribbons 

The  horizontal  and  vertical  forces  do  not  significantly 
influence  the  stress  in  these  ribbons  and  can  be  ignored.  The 
edge  moment  M^  developed  a  bending  stress  crb  as  follows: 


Z 


whe  re 

ch  -  maximum  fiber  stress 

M^  =  edge  moment 

Z  =  section  modulus 
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C.ilc  jlation. 


ab  - 


1 1 

0  0004 


Z7. SOU  Ib/in^ 


Safely  Factor 


80000 


Ignorinj*  the  influence*  of  the*  riser  lint  s  and  the  ho  r ; /.i«  n  I  .i ' 
ribbon,  the  maximuni  fiber  stress  in  the  ratlials  die  to  tin- 
prt;ssurc  p  is  j;iven  by 


a  - 


(1  *  yii 

t 


w  h  e  r  e 


CT  =  maximnni  normal  stress 

p  =  pressure 

K  =  ribbon  radius 

t  -  material  thit  kness 

C  dl  c  ul  at  1  on  . 


<J  -  0 . 694  (- 


4 


0.094 


)  (  1  ♦ 


6  (4) 


0  094 


Safety  Factor  _  lo  p 

7570 


> 

7  S7  0  1  b ,  1  n 


2,  Horizontal  Ribbon 

Assuming  that  the  horizontal  riiibcjii  dues  nut  liend  or  twist, 
and  that  each  cross  section  of  the  ribbon  rotates  in  its  own  plane 
about  its  centroid,  the  maximum  normal  stress  can  be  found 
fiom  the  follcjw'ing  c-xpression: 


cr  = 


W 

V  )  - 
2 


♦  M 


(V.-Kv  ) 
1  o 


t 


4  5 
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whc  rc 


<7  r 

7.  ~ 
1^  = 

V,  aru!  V  * 
1  o 

M  ,  and  M 
1  o 

P  = 

W  = 

t  = 


maximum  normal  stress 
section  modulus 
ribbon  radius 
edge  shcar/length 
edge  moment /length 
air  pressure 
ribbon  width 
ribbon  thickness 


Calculation: 


O’  : 


4 

0. 001164 


(4-0.  67)  9:  +  10.  4 

2 


6 


+  67) 

0. 273(0.  094) 


0.  694(4) 
0,  094 


O  -  22200  1b/ in^ 


Safety  Factor 


80000 

22200 


3.6 


C  Ris  e  r  Lines 


=  4 .  87  in /lb 
W  =  1  .  53  lb 


Free  Body  Diagram  of  the  Riser  Lines 
Riser  Line  Material  -  440-F  Stainless  Steel  Yield  Strength  -  iOO,  000  Ib/in^ 
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The  total  load  W  was  found  by  an»iiinn>g  that  the  |)rcrt«ur«*  ds.i- 
tribution  along  the  length  of  the  line  was  uniform.  The  edge  moment 
M  was  obtained  by  using  the  technique  dcHcrib«-d  in  Section  D.  The 
maximum  bending  stress  at  any  section  can  then  be  found  from  the 
following  equation: 


L 

Z  2 


{  X  - 


)  -  (  1 


whe  re 


maximum  bending  stress 
section  modulus 
total  load 

end  moment  from  the  canopy 
total  line  length 
distance  to  any  section 


Calculation; 


The  maximum  stress  was  found  at  X 


o- h  ~  0.00019  18 


53  n  ?  S  0  5' 

—  (0.5-  }L±1  )  -  ■}.  87  (1 - ) 

2  ?  1  2 1  J 


^  21600  Ib/in^ 


c  r  *  IT  ♦  100000  .  4  c 

Safety  Factor  =  ; -  -  4.  b 

^  21600 
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APPENDIX  IV 


EXPLANATION  FOR  REDUCED  DRAG  AND  INFLATION  CHARACTERISTICS 


Study  and  analysia  of  thr  reduced  drag  and  poor  inflation  characteris¬ 
tics  exhibited  in  these  programa  have  resulted  in  the  explanatory  discussion 
which  18  presented  in  the  following  pages. 

A  possible  explanation  for  the  occurrence  of  reduced  drag  on  the  para¬ 
chute  in  supersonic  flow  considers  that  the  parachute  acts  similar  to  a  blunt 
body  with  a  nose  spike  mounted  ahead  of  it.  The  NACA  has  conducted  several 
programs  wherein  blunt  bodies  with  attached  nose  spikes  have  been  tested  to 
investigat.e  means  of  reducing  the  drag  of  supersonic  missiles  having  blunt  or 
rounded  noses.  Experimental  data  have  been  obtained  which  show  that  defi¬ 
nite  decreases  in  drag  result  from  tests  of  nose  spike-blunt  body  configura¬ 
tions.  Obviously,  the  flow  patterns  obtained  from  such  tests  were  affected 
by  a  number  of  variables  such  as  rod  length,  cone  size,  Mach  number,  and 
Reynolds  number.  Other  agencies  such  as  the  Ballistic  Research  Labora¬ 
tories,  Aberdeen  Proving  Ground  have  conducted  similar  investigations. 

Reference  3  through  6  are  reports  of  .some  of  the  tests  made  by  the 
NACA  and  Balli  Stic  Research  Laboratory.  Reference  5,  in  particular  points 
out  the  effects  which  may  be  achieved  by  placing  a  small  cone  on  the  end  of  a 
rod  mounted  ahead  of  the  blunt  body.  Reference  5  expla-ins  that  the  action 
which  takes  place  when  a  small  cone  is  mounted  symmetrically  on  a  rod 
ahead  of  a  blunt  nose  involves  the  replacement  of  the  strong  detached  shock 
wave  of  the  blunt  body  by  a  conical  shock  wave.  Figure  16  shows  a  sketch 
of  typical  shock  wave  patterns  for  the  parachute  case  as  obtained  from  the 
Langley  test  program.  This  sketch  points  out  the  similarity  to  shock  wave 
patterns  of  Reference  5  and  also  illustrates  two  variations  in  shock  pattern 
which  occurred  because  of  fluctuation  and  distortion  of  the  shock  waves  at 
particular  Mach  numbers.  Shock  waves  labeled  with  the  number  1  indicate 
one  variation  while  the  other  variation  is  identified  by  the  number  2.  The 
influence  of  these  random  variations  in  shock  pattern  upon  the  drag  and  in¬ 
flation  characteristics  is  not  fully  known  because  drag  measurements  were 
not  made  during  the  test  program  at  Langley.  It  is  anticipated,  however, 
that  the  effects  are  such  as  to  cause  further/and  varying  reductions  in  the 
drag  and  inflation  characteristics  of  the  parachutes.  The  shock  pattern 
designated  as  number  2  j.n  Figure  16  is  assumed  for  the  following  explana¬ 
tory  discussion. 
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NuMHt«S  AND  (D  DENOTE 
SHOCK  WAV  t  OftTTfUNS  WHICH 

EmsTEO  erom  Time  to  time 

DURING  tests  OE  metal  CANOPY 
model  with  attached  i  0  Do  LINES 


Figure  16.  Sketch  Showing  Two  Shock  Pattern  Variations  Occurring  at  a 
Particular  Mach  Number  (Rigid  Canopy  with  1.0  Lines) 

As  stated  previously,  the  explanation  for  the  reduced  drag  experienced 
by  test  parachutes  in  supersonic  flow  considers  that  the  parachutes  acted 
similar  to  blunt  bodies  with  attached  cone-tipped  rods.  The  similarity  is 
realistic  because  the  metal  parachute  canopy  and  attached  1  / =  l-O  stc*el 
rod  lines  chosen  for  comparative  purposes  have  a  ccmical  nose  piece  which 
holds  the  lines  together  at  the  confluence  point.  In  addition,  it  can  be  as¬ 
sumed  that  comparison  of  the  fabric  parachutes  tested  at  Lewis  with  the 
blunt  body  nose  spike  configurations  of  Reference  5  is  reasonable  since  the 
suspension  lines  tend  to  form  a  small  cone  whose  apex  is  identical  with  the 
confluence  point.  Thus,  a  flow  separation  cone  is  created  ahead  of  the 
parachute  which  by  geometry  will  permit  a  reasonable  comparison  with 
models  of  Reference  5. 

The  Reynolds  number  of  a  blunt  body  with  attached  cone-tipped  rod 
(Reference  5)  is  generally  in  fair  agreement  with  those  of  the  test  para¬ 
chutes.  It  is  reasonable  to  assume,  therefore,  that  Reynolds  number  effects 
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on  drag  ar**  negligible  and  that  the  drag  cocfficientH  of  Reference  5  are  appli¬ 
cable  to  comparison  with  the  v'alues  obtained  for  the  fabric  test  parachutes. 

Before  correlation  of  the  drag  data  of  Reference  5  with  parachute  data 
could  be  attempted,  it  was  necessary  to  establish  certain  ratios  which  could 
provide  a  means  of  establishing  mutual  relationships  between  the  configura¬ 
tions  of  Reference  5  and  the  lest  parachutes.  The  fineness  ratio  of  the  cone 
or  simulated  cone  in  the  case  of  fabric  parachutes  (Ic/dc)  and  the  ratio  of  the 
dista.’u  c  between  the  cone  base  and  body  (L/d-)  were  computed  for  eight 
models  of  Reference  5,  five  fabric  test  paraenutes  and  the  rigid  test  canopy 
with  1 . 0  Dq  lines.  These  values  have  been  plotted  in  Figure  18.  Sketches 
of  typical  configurations  which  show  the  pertinent  dimensions  are  also  in¬ 
cluded  in  this  figure. 

By  assuming  linear  relationships  the  models  of  Reference  5  may  be 
represented  as  shown  in  Figure  18  by  a  family  of  "two  point"  curves  with  the 
cone  apex  angle  as  a  parameter.  It  may  be  seen  from  Figure  18  that  the 
points  plotted  for  the  parachutes  are  in  good  agreement  with  the  Reference  5 
curves  shown.  Further  examination  of  Figure  18  indicates  that  all  ribbon 
test  parachutes  have  points  which  are  in  good  agreement  with  the  a  =  40° 
curve  while  the  Guide  Surface  Ribless  parachute  approaches  the  50  degree 
curve.  This  corresponds  closely  with  apex  angle  calculations  based  on  the 
parachute  geometry  as  represented  in  Figure  17. 

The  above  and  Figure  18  indicate 
that  the  comparison  of  the  drag  of  a  rib¬ 
bon  test  parachute  with  that  of  Model  3  of 
Reference  5  should  be  a  logical  one.  Dif¬ 
ferences  in  the  L/dp  ratios  of  these  para¬ 
chutes  and  Model  3  are  relatively  small. 

The  drag  coefficients  obtained  at  a  Mach 
number  of  3.  5  for  four  ribbon  test  para¬ 
chutes  with  porosities  of  10  to  30  percent 
varied  from  0.  20  to  0. 34  based  on  the 
maximum  frontal  area  of  the  parachutes. 

The  drag  coefficient  value  of  0.  181  given 
in  Reference  5  for  Model  3  is  in  good 
agreement  with  the  lower  end  of  this 
range  of  parachute  values  but  in  disa¬ 
greement  with  the  remainder  of  the 
range.  It  is  expected  that  several  fac¬ 
tors  such  as  parachute  porosity,  accu¬ 
racy  of  wind  tunnel  drag  data,  etc.  , 
are  largely  responsible  for  the  dis- 
erepaiicies  between  test  parachute  and 
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-  rftOaZCTFID  on  IHFL^TCO  parachute  OIAMCTCR 

-  SUSPENSION  LINE  length 

o  '  APEX  ANPvLC  created  er  OUTERMOST  LINES 
A  -  length  of  nose  cone 

•  BAST  diameter  Of  NOSE  CONE 

Figure  17.  Parachute  Geometry 
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3.92  FT.  16  GORE  RIGBON 
parachute 


^.00  FT.  16  GORE  RIBBON 
PARACHUTE 


3  25  FT.  16  GORE  GUIDE 
SURFACE  RIBLESS  PARACHUTE 


I  0  FT.  RIGID  CANOPY  WITH 
1.0  Do  SUSPENSION  LINES 


CONE-TIPPED  ROD  AND 
BLUNT- BODY  CONFIGURATIONS 


QtcFTrH  OF  CONFIGURATION 


Figure  18. 


Correlation  Ratios  for  Comparison  of  Test  Parachutes  with  Cone- 
Tipped  Rod  and  Blunt  Body  Configurations  of  Reference  5 


Reference  5  data.  The  Cj.  value  of  0  181  given  for  Model  3  was  approxi¬ 
mately  34  percent  of  the  value  obtained  for  the  basic  blunt  nose  of  Reference 
5  On  the  basis  of  the  above  comparison  and  depending  upon  their  porosity, 
the  ribbon  test  parachutes  can  be  assumed  to  have  developed  only  about  35 
to  60  percent  of  their  full  drag  potential. 
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APPENDIX  V 


THEORETICAL  METHOD  OF  DETERMINING  CANOPY  POROSITY 


Thoorelical  knowledge  of  the  porosity  required  to  achieve  flow  condi¬ 
tions  which  yield  ze ro  spillover  can  be  obtained  by  assuming  Mach  1.0  flow 
through  the  canopy  slots.  The  method  and  sample  calculation  which  follows 
illustrates  the  technique  by  which  Uic  theoretical  porosity  can  be  cadculated 
as  a  function  of  Mach  number.  The  following  sketch  may  be  used  to  repre¬ 
sent  the  flow  conditions. 


FLOW  _ 
■  '  P 

DIRECTION 


Regions  (1)  and  (2)  of  the  sketch  refer  to  conditions  ahead  of  and  behind  the 
normal  shock,  respectively,  while  the  symbol  (*)  refers  to  conditions  at  the 
throat  or,  in  this  case,  at  the  slots  in  the  canopy.  The  following  symbols 
are  utilized  in  this  calculation: 

A  =  c ross -sectional  area 

V  =  velocity 

P  =  density 

T  =  temperature 

M  =  Mach  number 

a  =  speed  of  sound 

Xg  =  geometric  porosity 

Subscripts  1,  2  or  *  are  used  with  the  above  symbols  to  identify  a  major 
symbol  with  a  particular  region  in  the  above  sketch. 

Since  the  mass  flows  through  the  various  regions  as  indicated  in  the 
sketch  must  be  the  same  in  steady  flow,  then 
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Since  it  in  dcflired  to  determine  the  slot  rirea  (A^)  required  to  give  Mach 
number  1.0  flow  through  the  slots  and  since 


then 

a7 


(2) 


Since  =  A  ,  and  A  -  projected  or  frontal  area  (An)  of  the  inflated 
3^  slots  1  *  ^ 

parachute,  then  Equation  (2)  can  be  solved  for  A^  or  Agj^^g  in  terms  of  A^ 

o  r  A  p  as  follows : 


“^slots 


A  ,  ,  M  ,  a , 

1  1  1  i 

P 


(3) 


The  geometric  porosity  (Xg)  which  is  the  ratio  of  slot  area  (Agj^^^)  to  the 
constructed  area  of  the  parachute  (A^)  can  be  obtained  as  follows.  Since  for 
ribbon  type  parachutes, 


then  substitution  in  Equation  (3)  for  A^  gives 


■^j«e  "^slots 


4/9  A  P  ,M,a, 

o  1  ^  1 


Rearranging 


A 


slots 


A 


o 


4 

9 


l± 

P  a' 


)(— )  M, 


(4) 
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The  nolution  of  Equation  (4)  for  a  particular  Mach  mimlxjr  (.M.)  involvcii 
the  determination  of  the  ratio*  />  j//>  ,  and  aj/a^.  Thl*  can  be  done  by 
utilization  of  the  compresaiblc  flow  equations  and  tables  of  Reference  11.  An 
initial  Mach  number  (Mj)  of  3.0  has  been  considered  in  the  following  example. 
Since  the  pertinent  ratios  of  Equation  (4)  cannot  be  obtained  directly  from 
Reference  11,  some  manipulation  is  necessary  to  achieve  them.  The  density 
ration  P  [/  P  ^  can  be  obtained  from  the  following  expression 


_  Pi  Pz 

Pm'  PZ  Pm 


The  reciprocal  of  the  P  P  2  term  can  be  obtained  from  Reference  11. 


Pz 

- —  =  3.857 

P  1 


Pz 


_ 

3. 857 


0.258 


The  value  of  P  P  ^  can  be  obtained  in  terms  of  total  density  [  P  as 
follows ; 


From  Reference  8  then  for 


+ 

M 


2 


0.  475 


Pz 

-  =  0.896 

P  + 

and  similarly  for  -  a^  =  1.0 

P* 

-  =  0.634 

P  + 
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k 


HO  ihm 


0.  B96 
0.  63*1 


=  1 .  *11 


th«*  rcfo  re 


Pi  P  Z 
Pi  P  ^ 


=  (0.258)  (1.41)  =  0.364 


A  value  of  the  a, /a  ratio  for  a  Mach  number  (M,)  of  3.0  can  be 

1  if  1 

obtained  as  follows: 


^1  ^2  ^1  *^2  ”^1  *^1 


The  T;jt/T|  term  is  obtained  in  terms  of  from  the  expressions 


=  ,1.^  m/,  = 
2  1 


1.4-1 


)  (3.0)  =  2.8 


^  =  (1  +Zli-  )  = 


1.4-1 

1  +( - 

L  9 


)  (1.0)  -  1.2 


The  refore 


^  _  T^/Ti 

T,  ■  T  /T, 


=  2.33 
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*  1.52 


The  ratio  desired  is  equal  to  the  reciprocal  of  a*/aj  thus 


1. 52 


=  0.66 


Substitution  of  the  pertinent  values  of  P  p  ^  and  aj/a^  in  Equation 
(4)  and  fiolving  gives  a  porosity  value  for  a  Mach  number  of  3.0 


^  -^slots  =  M,  =  -  (0.364)  (0.66)  3.0  =  0.32 

■7  9  >  ^  ^  9 


The  above  calculation  shows  that  a  theoretical  porosity  of  32  percent  is 
required  to  achieve  zero  spillover  flow  conditions  for  an  initial  Mach  number 
of  3.0.  Similar  calculations  for  other  Mach  numbers  have  given  additional 
porosity  values  which  are  represented  by  the  curve  shown  in  Figure  19. 
Figure  19  shows  the  variation  of  calculated  geometric  porosity  with  Mach 
number  for  a  Mach  number  range  of  1.5  to  4.0. 


Figure  19.  The  Parachute  Geometric  Porosity  Required  for  Zero  SpiUover 
as  a  Function  of  Mach  Number  Assuming  Mach  1.0  Flov/  through 

Canopy  Slots 
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